Human monocytes isolated from peripheral blood of healthy donors show a time-dependent differentiation into macrophages upon in vitro cultivation, closely mimicking their in vivo migration and maturation into extravascular tissues. The mediator(s) of this maturation process has not been yet defined. We investigated the involvement of signal transducers and activators of transcription (STAT) factors in this phenomenon and reported the specific, time-dependent, activation of STAT1 protein starting at day 0/1 of cultivation and maximally expressed at day 5. STAT1 activity was evident on the STAT binding sequences (SBE) present in the promoters of genes which are up-regulated during monocyte to macrophage maturation such as FcγRI and ICAM-1, and in the promoter of the transcription factor IFN regulatory factor-1. Moreover, the effect of cell adhesion to fibronectin or laminin was studied to investigate mechanisms involved in STAT1 activation. Compared with monocytes adherent on plastic surfaces, freshly isolated cells allowed to adhere either to fibronectin-or laminin-coated flasks exhibited an increased STAT1 binding activity both in control and in IFN-γ-treated cells. The molecular events leading to enhanced STAT1 activation and cytokine responsiveness concerned both Y701 and S727 STAT1 phosphorylation. Exogenous addition of transforming growth factor-β, which exerts an inhibitory effect on some monocytic differentiation markers, inhibited macrophage maturation, integrin expression and STAT1 binding activity. Taken together these results indicate that STAT1 plays a pivotal role in the differentiation/ maturation process of monocytes as an early transcription factor initially activated by adherence and then able to modulate the expression of functional genes, such as ICAM-1 and FcγRI.
Introduction
The STAT proteins (signal transducers and activators of transcription) are latent DNA binding factors, originally discovered in studies on transcriptional activation by IFNs, but suddenly recognized as a unifying paradigm in the signal transduction pathway of cytokines and growth factors. Binding of the ligand to its specific receptor triggers the phosphorylation of STAT proteins on specific tyrosine residues by members of the Janus kinase (JAK) family of protein tyrosine kinases (1) . A maximal induction of different STAT proteins through the phosphorylation in serine residues has also been described (2) . Activated STAT proteins homo-or heterodimerize, translocate into the nucleus where they bind to that STAT5 and STAT3 play a key role in the regulation of cell proliferation and terminal differentiation of myeloid cells has been reported (9) (10) (11) (12) .
Human blood monocytes undergo differentiation in macrophages upon migration into extravascular tissue (13) . This phenomenon can be well mimicked in cell culture; in fact, upon in vitro cultivation, monocytes adhere to the plastic surface and in a few days undergo a spontaneous, timedependent differentiation process (14) . During this process, the optimal expression of specific cell surface antigens characteristic of terminal maturation, such as transferrin receptor (CD71), leukocyte-β 2 integrin subfamily (CD11/ CD18) and LPS receptor (CD14), is observed as well as a change in the secretory repertoire of these cells (13, 14) . Cell adherence of human monocytes to plastic culture tissue dishes results also in a rapid induction of multiple inflammatory mediator genes (15, 16) , while adherence to dishes coated with extracellular matrix components, such as fibronectin, laminin or collagen, results in a relatively selective pattern of gene induction (17) (18) (19) (20) . The proteins that mediate many of the adhesive reactions of monocytes, such as transendothelial migration and cell adhesive interactions with the extracellular matrix, belong to the integrin family of cell surface receptors. It has recently been shown that binding of adhesive ligands to integrins also transduces signal into the cells through tyrosine phosphorylation (21) .
In the present study we report that in the absence of growth factors and exogenously added cytokines, under strictly controlled endotoxin-free conditions, freshly isolated monocytes do not show any STAT activity. Starting at day 1 and progressively increasing until day 5-7 of cultivation, a predominant STAT1 activity appears. STAT1 binding activity is detected on the SBE sequences present in the promoters of some genes encoding markers of macrophage differentiation, such as FcγRI and ICAM-1, and in the promoter of the transcription factor IFN regulatory factor (IRF-1). Interestingly, we demonstrate that monocytes allowed to adhere to fibronectin-and laminin-coated plates exhibit a prompt activation of STAT1 binding mediated by both tyrosine and serine phosphorylation. Moreover, exogenous addition of transforming growth factor (TGF)-β, a multifunctional cytokine able to affect the spontaneous differentiation of monocytes (22) , inhibits both integrin expression on the cell membrane and STAT1 binding activity. These results suggest that STAT1 may be an early transcription factor activated by adhesion molecules during the monocyte maturation process upon migration into extravascular tissues; this activation then regulates the transcription of genes specific of mature macrophage.
Methods

Isolation and culture of monocytes/macrophages
Peripheral blood mononuclear cells were obtained from 18-to 40-year-old healthy donors by a three-step density centrifugation procedure on Ficoll and Percoll gradients (Pharmacia, Uppsala, Sweden). The light density fraction from the 42.5-50% interface was recovered, and depleted of CD19 ϩ B and CD2 ϩ T lymphocytes using magnetic beads (Dynal, Oslo, Norway). The recovered population routinely contained Ͼ97% CD14 ϩ cells. Macrophages were obtained after 5-7 days of in vitro cultivation in medium alone. Only monocyte preparations containing Ͼ90% CD14 ϩ cells were used. Substratum-coated cell culture dishes were prepared as previously reported (21) . Briefly, tissue culture dishes were incubated overnight with 50 µg/ml fibronectin or laminin (Sigma, St Louis, MO) at 4°C; the dishes were then blocked with cell culture grade 0.1% BSA (Boehringer-Mannheim, Mannheim, Germany) and washed with PBS before use. Where indicated, monocytes were treated with 1 µg/ml of lipopolysaccharide (LPS) from Escherichia coli 0111:B4 (Sigma), 10 ng/ml of human recombinant IFN-γ, 10 ng/ml of macrophage inflammatory protein (MIP)-1α, 100 ng/ml of tumor necrosis factor (TNF)-α, 5 ng/ml of TGF-β or 10 ng/ml IL-10 (PrepoTech, Rocky Hill, NJ; endotoxin Ͻ0.1 ng/µg); 10 ng/ml of human recombinant IL-6 and granulocyte macrophage colony stimulating factor (GM-CSF; Genetics Institute, Cambridge, MA); and 1000 IU/ml of human recombinant IFN-α (IFN-α2β, Intron A; Shering, Bloomfield, NJ). Anti-IL-6 and anti-IL-10 neutralizing antibodies were purchased from R & D Systems/British Biotechnology (Minneapolis, MN).
DNA electrophoretic mobility shift assay (EMSA)
Synthetic double-stranded oligonucleotides, prepared by a DNA synthesizer (Applied Biosystems, Foster City, CA), were end-labeled with [γ-32 P]ATP by T4 polynucleotide kinase. Whole-cell extracts (10 µg) were prepared and analyzed by EMSA as described (23) . For supershift analysis, whole-cell extracts (5 µg) were incubated with 3 µg of anti-STAT1, anti-STAT3 (Santa Cruz Biotechnology, Santa Cruz, CA) or 1 µg of anti-STAT5 antibody (10) . The oligonucleotide probes used were: human IRF-1 SBE (5Ј-GATCCATTTCCCCGAAAT GA3Ј), FcγRI SBE (5Ј-TTCCTTTTCTGGGAAATACATCTC-3Ј) and ICAM-1 SBE (5Ј-CGGGATCCGTTTCCCGGAAAGCAGCA-3Ј).
Western blot assay
Either 30 or 70 µg of whole-cell extracts was denatured and separated on 10% SDS-PAGE. Proteins were transferred onto nitrocellulose paper, incubated with monoclonal anti-STAT1 antibodies (Signal Transduction Laboratory, Lexington, KY) and reacted with anti-rabbit horseradish peroxidase-coupled secondary antibody (Amersham, Little Chalfont, UK) using the enhanced chemiluminescence system. Rabbit antiserum specific for tyrosine-and serine-phosphorylated STAT1 isoforms were purchased from UBI (New York, NY) and used according to the manufacturer's instructions.
RNase protection experiments
Total RNA was isolated by the guanidium-cesium chloride method and analyzed as previously described (23) . To obtain the pBS IRF-1 construct, the plasmid pUC IRF-1 was digested with SmaI and the 400 bp long fragment was cloned into the same sites of pBluescript/KS (Stratagene, La Jolla, CA). To generate the 32 P-labeled 280 bp long antisense IRF-1 RNA probe, the plasmid (pBS IRF-1) was linearized with EcoRI and transcribed by T7 polymerase. The FcγRI probe was obtained cloning a 267 bp long fragment excised by XbaI digestion from the plasmid p135 (24) into the same site of pBluescript/KS (Stratagene). The FcγRI riboprobe was obtained by transcribing with T7 polymerase the plasmid linearized with PstI. The 434 bp long pTRI-GAPDH human antisense control template (Ambion, Austin, TX) was used as an internal standard to establish the relative amount of RNA loaded. The probe was synthesized by in vitro transcription from linear template using SP6 polymerase.
Flow cytometric analysis of surface antigens on monocytes/ macrophages Cells were incubated for 1 h at 4°C in the presence of an appropriate dilution of one of the following mAb: phycoerythrin (PE)-conjugated anti-CD54 (Becton Dickinson, Mountain View, CA), FITC-conjugated anti-CD64, FITC-conjugated anti-CD32 (Medarex, East Annandale, NJ); PE-conjugated anti-CD14, and PE-conjugated anti-VLA-4, anti-VLA-5 and anti-VLA-6 (PharMingen/Becton Dickinson, Bedford, CA). For negative controls the cells were incubated with mouse IgG of the same isotype labeled either with PE or FITC as previously described (14) . 
Cytokine assays (ELISA)
The concentration of cytokines (IFN-γ, IL-6, GM-CSF and IL-10) in monocyte cell culture supernatants was evaluated by sensitive and specific immunoassays (R & D Systems/ British Biotechnology). The detection threshold was 5 pg/ml for all four cytokines.
Results
Activation of STAT proteins during spontaneous in vitro monocyte/macrophage differentiation
Monocytes, isolated by centrifugation over Ficoll-Hypaque and further separated on a Percoll gradient, were seeded and proteins extracted after 1 and 5 days. The presence of activated STAT proteins was evaluated by EMSA using specific oligonucleotides corresponding to specific SBE sequences present in the promoters of IRF-1, ICAM-1 and FcγRI (Fig. 1A) . Freshly isolated monocytes (day 0/1) display very low binding activity for all these sequences, whereas at day 5 discrete complexes are formed between proteins present in cell extracts and DNA probes. Monocytes isolated by density gradient centrifugation exhibited an identical pattern of binding to the indicated SBE sequences (data not shown).
To identify which STAT are activated during the spontaneous monocyte maturation, supershift experiments using specific STAT1, STAT3 and STAT5 antibodies were carried out by EMSA using IRF-1 SBE oligonucleotide. As positive control, whole-cell extracts were prepared from monocytes treated for 20 min with IFN-γ, which is known to activate STAT1. As shown in Fig. 1(B) , antibodies reacting with STAT1 protein were able to supershift the major DNA-protein complex both during monocyte to macrophage maturation and after IFN-γ treatment. Conversely, the same complex was not affected by the addition of anti-STAT3-and anti-STAT5-specific antibodies.
Since macrophages are able to secrete a large array of cytokines and chemokines, we evaluated the rapid activation of specific STAT proteins after short-time treatment of freshly isolated monocytes with the indicated cytokines (Fig. 1C) . EMSA experiments were performed using double-stranded radiolabeled IRF-1 SBE oligonucleotide. Moreover, we also evaluated the effects of LPS and IFN-γ, both potent activators of monocyte/macrophages. As shown in Fig. 1(C) , IFN-γ and IFN-α rapidly activated a major band corresponding to STAT1 homodimers as already reported (25,26). IL-6, IL-10 and GM-CSF similarly induced a band with the same mobility but with a much lower intensity. Conversely, LPS, MIP-1α and TNF-α treatments were not effective in increasing the basal level of SBE binding activity. These results indicate that freshly isolated monocytes are able to respond to several cytokines with a rapid stimulation of STAT(s) activity.
To verify if cytokines present and/or produced in the cultures could be responsible for the STAT(s) progressive activation observed during in vitro monocyte maturation (Fig. 1A) , the levels of the cytokines in the culture media were quantified using an ELISA assay at different days of culture. Results shown in Table 1 indicate that the amounts of IFN-γ and GM-CSF, detected at different days of culture, are in the range of few picograms, i.e. at the lowest limit of the test sensitivity. On the contrary, IL-6 and IL-10 are present at all days of culture at more elevated levels, i.e. 50-70 pg/ml and 0.5-1 ng/ml respectively. In the attempt to evaluate the involvement of these two cytokines in the progressive activation of STAT(s), anti-IL-6 and anti-IL-10 neutralizing antibodies were added to the cell cultures alone or in combination. Similarly, to exclude that the activation of STAT(s) observed in our system could be due to the presence of type I IFN, freshly isolated monocytes were seeded in the presence of polyclonal antibodies neutralizing human IFN-α and -β (27) , and cell extracts were analyzed by EMSA. The neutralization of these cytokines was not effective in inhibiting the spontaneous activation of STAT(s) observed at day 5 of culture (data not shown).
Effect of adhesion on STAT1 activation
In order to identify the mechanisms involved in STAT1 activation during monocyte maturation, the effect of cell adhesion on the phosphorylation state and binding activity of STAT1 was evaluated. Cells were seeded on either fibronectin-or laminin-coated dishes for 12 h and, where indicated, cells were also treated with IFN-γ for 30 min. EMSA was performed on whole-cell extracts using the IRF-1-SBE oligonucleotide. As shown in Fig. 2(A) , adherence to fibronectin and laminin resulted in a slight but consistent increase in STAT1 binding activity; when monocytes cultivated on fibronectin-or laminincoated dishes were exposed to IFN-γ, there was a 2-fold increase in STAT1 binding activity over the levels observed in cells treated with IFN-γ alone. Shorter times of incubation with fibronectin or laminin were not sufficient to induce STAT1 binding activity (data not shown). Since phosphorylation on both serine and tyrosine residues is responsible for full STAT1 activity (28), we investigated whether these two post- Whole-cell extracts were prepared from monocytes allowed to adhere to either untreated or laminin-and fibronectin-coated tissue culture dishes for 12 h. Where indicated, the cells were treated with 10 ng/ml of IFN-γ for another 20 min. Whole-cell extracts (10 µg) were subjected to EMSA with IRF-1 SBE oligonucleotide. (B) Western blot analysis of phosphorylation status and protein content of STAT1. Whole-cell extracts (30 µg) obtained from cell conditions described in (A) were analyzed for the relative amount of tyrosine-phosphorylated STAT1 by staining with anti-pY701-STAT1 antiserum. To detect the p701-STAT1, a higher amount of proteins (70 µg) was used for extracts from control (-), and laminin-and fibronectin-treated cells. The same extracts (30 µg) were also stained with anti-pS727-STAT1 antibody which detects only the slower migrating STAT1 isoform of 91 kDa. STAT1 content was evaluated incubating the blot with anti-STAT1 antibodies.
translational modifications could account for the activation of STAT1 binding activity observed in monocytes grown on fibronectin-or laminin-coated plates. The experiments shown in Fig. 2(B) demonstrate a clear phosphorylation of STAT1 at the level of both tyrosine (Y701) and serine (S727) in response to the monocyte interaction with laminin and fibronectin. As expected, in both cell culture conditions the IFN-γ-mediated S727 and Y701 STAT1 phosphorylation was more pronounced as compared to the levels observed in cells treated with IFN-γ alone and allowed to adhere to uncoated plastic dishes. Interestingly, the analysis of STAT1 content on cell extracts from freshly isolated monocytes and from mature macrophages showed a clear increase (3-fold) in STAT1 protein content at day 5 of culture as compared to that observed at day 1 (Fig. 2B, bottom panel) . STAT1 activation during the monocyte to macrophage maturation correlates with the increased expression of a specific set of STAT1-target genes The expression of maturation-associated genes such as FcγRI (CD64) and ICAM-1 (CD54) containing a SBE on their promoters was then evaluated during in vitro maturation of monocytes to macrophages. In addition, the expression of another gene regulated by SBE sequences, i.e. IRF-1, a transcription factor important for the induction of genes expressed in activated macrophages, such as MHC I, iNOS and IFN-β (29-31), was investigated. Total RNA was extracted from monocytes/macrophages at day 1 and at day 5 of culture respectively, and analyzed by RNase protection with specific riboprobes for FcγRI and IRF-1 (Fig. 3A and B ). An increase in both IRF-1 and FcγRI mRNAs was observed at day 5 with respect to day 1 of culture. The protein level on the cell membrane of FcγRI (CD64) and of another marker of monocyte maturation, such as ICAM-1 antigen (CD54), was then examined by flow cytometric assay (Fig. 3C) . The percentage of cells reacting with anti-CD64 and anti-CD54 remained virtually unmodified during monocyte to macrophage in vitro maturation, whereas a progressive and significant increase in the fluorescence intensity was observed at day 5. As control, the stimulation of the surface expression of these two antigens was also determined after addition of both IFN-γ and GM-CSF. IFN-γ greatly stimulated fluorescence intensity of both antigens, as expected, whereas GM-CSF did not further increase the ICAM-1 and FcγRI expression.
Furthermore, the effect of interactions between integrin receptors and their ligands on FcγRI and ICAM-1 expression was evaluated by flow cytometry experiments. The results obtained (data not shown) indicate that both fibronectin and laminin elicited a moderate, but significant, enhancement of FcγRI and ICAM-1 expression at day 1 and 2 of culture compared to the expression of these markers on cells cultured on uncoated plastic dishes.
Effect of TGF-β on monocyte maturation and STAT1 activity TGF-β, among its pleiotropic effects on a variety of cell types, exerts both immunosuppressive and proinflammatory properties (22) . In this respect it is able to inhibit the expression of some monocyte differentiation markers such as CD14, CD16 and CD89 (32, 33) . We thus tested if the expression of the STAT1-dependent markers, i.e. ICAM-1 and FcγRI, was also inhibited in monocytes by the TGF-β treatment. In monocytes grown for 5 days in the presence of TGF-β, the fluorescence intensity, as assessed by flow cytometric analysis (Fig. 4A ) of both FcγRI and ICAM-1 antigens, was markedly decreased as compared to that observed in control culture. On the contrary, the fluorescence intensity of the FcγRII was not modulated both during monocyte to macrophage differentiation, as well as in TGF-β-treated cells, indicating a specific effect of the cytokine for macrophage differentiation markers. In Fig. 4 (right side of panel A) , a representative experiment of FcγRI immunodetection in monocytes grown for 5 days either in the absence or in the presence of 5 ng/ml of TGF-β is shown. This inhibition correlates with an impairment in the STAT1 binding to the SBE sequence present in the FcγRI, ICAM-1 and IRF-1 promoters in cell extracts derived from TGF-β-treated monocytes for 5 days compared with those obtained in control cultures (Fig. 4B) . The analysis of STAT1 content by Western blot on cell extracts from monocytes treated or not with TGF-β for 5 days clearly showed that TGF-β treatment also decreases STAT1 protein expression (data not shown). Since TGF-β treatment is able to affect both the STAT1 binding activity and content, we tested if short IFN-γ treatment of monocytes treated for 5 days with TGF-β was able to restore full STAT1 activity. As shown in Fig. 4B , a prompt activation of STAT1 binding to the IRF-1 SBE sequence was obtained at a similar extent both in the control and TGF-β-treated cells, indicating that TGF-β did not impair the transduction pathway leading to STAT1 activation by IFN-γ.
To further characterize the inhibitory mechanism exerted by TGF-β on STAT1 binding activity we analyzed if TGF-β affects the expression of integrins which were shown (Fig. 2) to mediate, at least in part, STAT1 activation in monocytes. In Fig. 5 the flow cytometric analysis of VLA-4, VLA-5 and VLA-6 on macrophages untreated or treated for the indicated times with TGF-β is shown. The results of this analysis indicate that the constitutive expression of the examined integrins was down-modulated following TGF-β treatment.
Discussion
Monocytes isolated from peripheral blood are committed cells not yet fully differentiated and undergo terminal maturation to macrophages after migration in tissues. These cells also spontaneously mature in vitro in the absence of any added cytokine or growth factor, thus representing a useful experimental model to understand the molecular events underlying the in vivo monocyte to macrophage maturation. Here we provide evidence that STAT1 transcription factor plays a pivotal role in the terminal maturation of monocytes: STAT1 activity, in fact, is absent or very low in freshly isolated cells, but is spontaneously activated during the monocytic maturation process. The time-dependent induction of STAT1 activity well correlates with the enhanced expression of some markers of macrophage differentiation. Conversely, inhibition of this maturation process by TGF-β affects STAT1 activation and expression. The absence of STAT1 activity in monocytes as well as in macrophages treated with TGF-β is not the result of a lack of protein and/or its inability to be activated since a short incubation period with IFN-γ, promptly allows its binding to DNA (Figs 1B and 4B) .
In the attempt to identify the signals leading to STAT1 activation, the presence of several cytokines was measured in the supernatants by using specific and sensitive immunoassays (Table 1 ). Both IFN-γ and GM-CSF are present at very low levels at all days of culture (Table 1) . Conversely, IL-6 and IL-10, which are known to be secreted by macrophages (34, 35) , are present throughout the culture period, IL-10 production being consistent and increasing over days (Table  1) . To test if the STAT1 activation observed was due to these cytokines, we used neutralizing antibodies to IL-6 and IL-10, added both separately and together. The addition of these neutralizing antibodies did not inhibit the maturation of monocytes as well as the progressive activation of STAT1. Similarly, the addition of polyclonal antibodies neutralizing human IFN-α and -β did not affect the STAT1 activation (data not shown).
Looking for other inducers of STAT1 binding activity in macrophages, we considered the possibility that adherence per se could represent the primary stimulus. Leukocyte activation associated with the initiation of inflammation or immune response is a complex and incompletely understood process. Rapid and dynamic changes in monocyte cell adhesion are associated with arrest and extravasation, and also with increased responsiveness to cytokines and amplification of signal transduction pathway (36) . Since the proteins that mediate many of the adhesive reactions of monocytes belong to the integrin family, we analyzed the effects of their ligands, such as fibronectin and laminin, on STAT activation. Results in Fig. 2 show that adhesion is able to directly activate STAT1 binding activity, through the induction of STAT1 phosphorylation both in tyrosine and serine residues. As far as we aware, this observation represents the first evidence for STAT1 activation triggered by adhesion.
Previous studies using various cell types have shown that a number of intracellular signaling pathways may be stimulated upon ligand binding and clustering of integrins including activation of PI, pKC ras/MAP pathways (21, (36) (37) (38) . Interestingly, there is evidence that the activities of both STAT1 and STAT3 are maximally induced by cytokine/growth factorstimulated serine phosphorylation (39) and several studies indicate that ERK/MAPK may phosphorylate the serine residue of STAT1. However, even if indirect evidence in different systems suggests a cross-talk between JAK-STAT and the ras/MAP (2, 40) , the specific mechanisms and molecules involved have not yet been characterized. The identification of specific protein kinases responsible for STAT1 activation triggered by adhesion in monocytes is currently under investigation.
With the exception of some IFN-stimulated genes, the cellular genes dependent on cytokine-activated STAT proteins are poorly defined. STAT1 is the prototype of the STAT family whose activation has been shown to mediate transcriptional effects of IFN-γ (25, 26, 41, 42) . Even if the specific biological effects that result from STAT1 activation in vivo are not yet defined, the potential role of STAT1 in transcription during monocyte maturation and activation is suggested by the finding that it binds to the SBE elements of genes functionally expressed in macrophages and/or directly activated by IFN and inflammatory cytokines. Included in this set are genes encoding the high-affinity receptor for IgG (FcγRI), adhesion molecules such as ICAM-1 and the transcription factor IRF-1 (6, 41) . This pattern of expression is compatible with a role of activated monocytes and macrophages in antibody-dependent cellular cytotoxicity reactions and in promoting communication with lymphocytes or other cells.
The involvement of STAT1 in monocytic differentiation is confirmed by the experiments with TGF-β which is known to reduce the MHC class II mRNA (43) , to down-regulate CD89 and CD14 expression on human peripheral blood monocytes (32, 33) , and to have a general inhibitory effect on monocytic maturation. Similarly, we show that TGF-β is able to impair STAT1 activity. An inhibitory effect of TGF-β on several cytokine-induced JAK-STAT pathways has also been reported (44) (45) (46) . This inhibition resulted in some cases in hypophosphorylation of both JAK and STAT involved, and has been ascribed either to the activation of a phosphatase activity or to a direct effect of TGF-β on the cytokine receptor. Our results, in accord with what was observed in rat astrocytes (47) , show that STAT1 phosphorylation induced by IFN-γ is not impaired in TGF-β-treated cells. Instead, we observed that TGF-β down-modulates receptors for fibronectin (VLA-4 and VLA-5) and laminin (VLA-6) (Fig. 5) . This inhibition can thus be considered a new mechanism responsible for the inhibitory effects exerted by TGF-β on STAT1 activation and macrophage maturation.
In conclusion, our studies shed light on the molecular mechanisms underlying the maturation process of circulating monocytes, suggesting the essential role of the STAT1 as an early transcription factor activated by the adhesion events which leads to the activation of specific functional gene expression when monocytes are recruited at the site of inflammation. Elucidation of other specific transcription factors responsible for integrin-regulated gene expression may help in uncovering the mechanism involved in these events. 
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